Abstract: In 2007 a new Stemphylium leaf spot disease of Beta vulgaris (sugar beet) spread through the Netherlands. Attempts to identify this destructive Stemphylium sp. in sugar beet led to a phylogenetic revision of the genus. The name Stemphylium has been recommended for use over that of its sexual morph, Pleospora, which is polyphyletic. Stemphylium forms a well-defined monophyletic genus in the Pleosporaceae, Pleosporales (Dothideomycetes), but lacks an up-to-date phylogeny. To address this issue, the internal transcribed spacer 1 and 2 and intervening 5.8S nr DNA (ITS) of all available Stemphylium and Pleospora isolates from the CBS culture collection of the Westerdijk Institute (N = 418), and from 23 freshly collected isolates obtained from sugar beet and related hosts, were sequenced to construct an overview phylogeny (N = 350). Based on their phylogenetic informativeness, parts of the protein-coding genes calmodulin and glyceraldehyde-3-phosphate dehydrogenase were also sequenced for a subset of isolates (N = 149). This resulted in a multi-gene phylogeny of the genus Stemphylium containing 28 species-clades, of which five were found to represent new species. The majority of the sugar beet isolates, including isolates from the Netherlands, Germany and the UK, clustered together in a species clade for which the name S. beticola was recently proposed. Morphological studies were performed to describe the new species. Twenty-two names were reduced to synonymy, and two new combinations proposed. Three epitypes, one lectotype and two neotypes were also designated in order to create a uniform taxonomy for Stemphylium.
INTRODUCTION
In 2007 a new leaf spot disease associated with a Stemphylium sp. was first discovered on sugar beet (Beta vulgaris) in the Netherlands, which subsequently spread rapidly throughout the country in the following years (Hanse 2013) . The causal agent was recently formally named as Stemphylium beticola (Crous et al. 2016) , but the genus itself was not treated in that study.
Stemphylium is a dematiaceous hyphomycete, which can be distinguished from other hyphomycetes forming phaeodictyospores based on the percurrent rejuvenation of its conidiophores, and apically swollen conidiogenous cells. Other closely related genera mostly display a geniculate, sympodial proliferation, e.g. Alternaria (Simmons 2007 ). Stemphylium, with S. botryosum as type species, forms a well-defined monophyletic genus in the family Pleosporaceae, Pleosporales (Câmara et al. 2002; Inderbitzin et al. 2009 ). However, the sexual morph to which Stemphylium is linked, Pleospora, is known to be polyphyletic. The type species of Pleospora, Pleospora herbarum, has Stemphylium herbarum as asexual morph (Simmons 1985) , but several Pleospora spp. have been linked to a range of different asexual genera (e.g. Inderbitzin et al. 2006; De Gruyter et al. 2013; Ariyawansa et al. 2015; Crous & Groenewald 2017) . The latest comprehensive phylogenetic study on Pleospora species with Stemphylium asexual morphs was published in 2009 (Inderbitzin et al. 2009) , which left many unnamed and potentially new Stemphylium species. The Pleospora herbarum clade sensu Inderbitzin et al. (2009) illustrated the problems with identification in the genus. Based on a multi-gene phylogeny five species should be synonymised, but RAPD fingerprints (Chaisrisook et al. 1995) , morphology and ecology studies supported them to be separate species. Some researchers therefore chose to retain all the species names (e.g. Inderbitzin et al. 2009 ), while others again chose to synonymise them (e.g. Köhl et al. 2009 ). With the uptake of the one fungus-one name initiative in the International Code of Nomenclature for algae, fungi and plants (ICN, McNeill et al., 2012) , name changes in these genera became necessary. The use of Stemphylium over Pleospora has subsequently been recommended by the Working Group on Dothideomycetes of the International Committee on the Taxonomy of Fungi (Rossman et al. 2015) .
The aim of the present study was to construct a phylogenetic overview of the genus Stemphylium. All available Stemphylium and Pleospora isolates from the CBS collection, together with Stemphylium isolates collected from sugar beet from different parts of the Netherlands as well as from the UK and Germany, were included in the study. The internal transcribed spacer 1 and 2 and intervening 5.8S nr DNA (ITS) were sequenced to construct a draft overview phylogeny. Using a reduced set of isolates, the phylogenetic informativeness of six commonly used protein-coding genes, namely partial actin (actA), beta-tubulin (tub2), calmodulin (cmdA), translation elongation factor 1-alpha
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(tef1), glyceraldehyde-3-phosphate dehydrogenase (gapdh) and DNA-directed RNA polymerase second largest subunit (rpb2) were also evaluated. Based on these results, the two most promising genes were additionally sequenced for the genus Stemphylium, and used to construct a multi-gene phylogeny.
MATERIALS AND METHODS

Isolates
Four-hundred-and-forty-one isolates were included in this study, comprising of 418 Pleospora and Stemphylium isolates from the culture collection of the Westerdijk Fungal Biodiversity Institute (CBS), Utrecht, the Netherlands (Supplementary Table 1 ) and 23 isolates received from the IRS (the research and knowledge centre for sugar beet cultivation in The Netherlands), Bergen op Zoom, the Netherlands (Supplementary Table 2 ). The dataset includes 48 (ex-)type strains. Freeze-dried strains from the CBS culture collection were revived in 2 mL malt/peptone (50 %/50 %) and subsequently transferred to oatmeal agar (OA) (Crous et al. 2009 ). Strains stored in liquid nitrogen were transferred to OA directly from the −185°C storage. For the isolation methods of the IRS isolates see Hanse et al. (2015) .
Morphology
Isolates were grown on potato carrot agar (PCA, Crous et al., 2009 ) and synthetic nutrient-poor agar (SNA, Nirenberg, 1976) at moderate temperatures under CoolWhite fluorescent light with an 8 h photoperiod. After 7 and 14 d the growth rates were measured and the colony characters noted. Colony colours were rated according to Rayner (1970) . Morphological descriptions of asexual structures were made for isolates grown on SNA for 7 d. Slides were prepared with the cellotape technique (Schubert et al. 2007 ) using Titan Ultra Clear Tape (Conglom Inc., Toronto, Canada) and Shear's medium as mounting fluid. Morphological descriptions of sexual structures were made for isolates grown on PCA for 14 d, with 85 % lactic acid as mounting fluid. The mean plus/minus standard deviation values were derived from measurements of 30 structures, with extremes given in parentheses. Photographs of characteristic structures were made with a Zeiss Axio Imager A2 microscope equipped with a Nikon DS-Ri2 high-definition colour camera using differential interference contrast (DIC) optics and the Nikon software NIS-elements D v. 4.50. Adobe Bridge CS5.1 and Adobe Photoshop CS5 Extended, v. 12.1, were used for the final editing and photographic preparation. Nomenclatural data were deposited in MycoBank (Crous et al. 2004) .
DNA isolation, PCR and sequencing
DNA extraction was performed using the Wizard ® Genomic DNA purification kit (Promega, Madison, USA) according to the manufacturer's instructions. The ITS region, gapdh, tef1 and rpb2 gene regions were amplified and sequenced with respectively the primers V9G (De Hoog and Gerrits van den Ende, 1998)/ITS4 (White et al. 1990 ), gpd1/gpd2 (Berbee et al. 1999) , EF1-728F/EF1-986R (Carbone & Kohn 1999) , and RPB2-5F2 (Sung et al. 2007 )/fRPB2-7cR (Liu et al. 1999 ) as described in Woudenberg et al. (2013) . The actA gene region was amplified and sequenced with ACT-512F/ACT-783R (Carbone & Kohn 1999) as described in De Gruyter et al. (2009) . For the tub2 gene region several primer combinations and PCR programs were tested, but no PCR product could be obtained. The cmdA gene region was amplified and sequenced with the primers CALDF1/CALDR2 (Lawrence et al. 2013) . The PCR mixture consisted of 1 μl 50× diluted genomic DNA, 1× NH4+ reaction buffer (Bioline, Luckenwalde, Germany), 2 mM MgCl 2 , 20 μM of each dNTP, 0.2 μM of each primer and 0.25 U Taq DNA polymerase (Bioline). The PCR conditions consisted of an initial denaturation step of 5 min at 94°C followed by 35 cycles of 30 s at 94°C, 30 s at 59°C and 1 min at 72°C, and a final elongation step of 7 min at 72°C. The PCR products were sequenced in both directions using a BigDye Terminator v. 3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Bleiswijk, the Netherlands) and analysed with an ABI Prism 3730xl DNA Analyser (Thermo Fisher Scientific) according to the manufacturer's instructions. Consensus sequences were computed from forward and reverse sequences using the Bionumerics v. 4.61 software package (Applied Maths, St-Marthens-Latem, Belgium). Generated sequences were deposited in GenBank (Table 1,  Supplementary Table 1) .
Identification of best loci
Based on the ITS sequence results and former sequence data (Inderbitzin et al. 2009 ), seven isolates representing clade 10 ( Fig. 1) , namely CBS 378.54, CBS 116598, CBS 116599, CBS 134496, CBS 136590, GV11-196-a1-3 and IFZ2013-024, were selected to determine which gene would be the most informative in distinguishing species within this clade. In addition to ITS, the actA, cmdA, gapdh, rpb2 and tef1 gene regions were amplified and sequenced as described above. Unfortunately the betatubulin PCRs did not give any results, even when following previously published PCR primers and methods (Bt2a/Bt2b, Glass & Donaldson 1995) which are supposed to work on Stemphylium species (Lawrence et al. 2013) . A sequence comparison from the five additional gene regions of the seven selected isolates was made in Bionumerics v. 4.61 (Applied Maths) and by eye (Table 2) .
Phylogenetic analyses
In Bionumerics v. 4.61 (Applied Maths), a quick UPGMA phylogeny was constructed from the ITS sequences of the 441 included isolates to assign them to clusters of closely related or identical isolates. For those isolates belonging to the Stemphylium clade, a multiple sequence alignment of the ITS sequences was generated with MAFFT v. 7.271 (http://mafft.cbrc.jp/alignme nt/server/index.html) using the FFT-NS-i method. With Findmodel (http://www.hiv.lanl.gov/content/sequence/findmodel/findmo del.html) the best nucleotide substitution model was determined. Bayesian analyses were performed with MrBayes v. 3.2.1 (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003) . The Markov Chain Monte Carlo (MCMC) analysis used four chains and started from a random tree topology. The sample frequency was set at 1 000 and the temperature value of the heated chain was set at 0.1. The run stopped when the average standard deviation of split frequencies reached below 0.01. Burnin was set to 25 % after which the likelihood values were (Page 1996) and, together with the alignments, deposited into TreeBASE (http://www.treebase.org).
RESULTS
Identification of best loci
The ITS, rpb2 and actA gene regions were the least informative, since only two sequence alleles were observed, all splitting the seven isolates in the same two allele groups (Table 2 ). For the ITS sequences the sequence difference between the two allele groups is in two T-repeats, which are not considered informative by standard phylogeny software. Differences in repeat regions are normally regarded as sequence errors, and are not included in calculations for phylogenetic trees. However, when these differences are compared with the results from the other gene information, the difference in number of T-repeats does seem to be relevant in this case. The tef1 gene region showed three different sequence alleles, additionally splitting CBS 134496 from the second allele group (Table 2) . The cmdA and gapdh gene regions seem to have the highest potential of being most informative as respectively four and five different sequence alleles were observed (Table 2 ). Based on these results the cmdA and gapdh gene regions were sequenced for a selection of 150 isolates (including the outgroup isolate GV14-634-a1), representing all possible species in Stemphylium based on ITS sequence data and ecological data (Table 1) .
ITS phylogeny
The initial UPGMA phylogeny constructed in Bionumerics v. 4.61 placed 356 isolates in the Stemphylium clade (data not shown).
Together with the outgroup-isolate GV14-634-a1, an Alternaria alternata isolated from sugar beet, these 357 isolates form the dataset of the Stemphylium ITS phylogeny. The aligned sequences contained 545 nucleotides with 101 unique site patterns. The TrN model with a gamma-distributed rate variation was suggested as model for the Bayesian analysis. The average standard deviation of split frequencies never reached below 0.01 while running MrBayes at different temperature values. Therefore, the temperature value was lowered to 0.05, and the run was stopped after 5 M generations for which the convergence of chains was confirmed in Tracer. After discarding the burn-in phase trees, the runs resulted in 7 502 trees from which the majority rule consensus tree and posterior probabilities were calculated. The phylogeny based on the ITS sequences divides the 356 Stemphylium isolates into 22 clades (Fig. 1) . In clade 10, 33 isolates were found, 18 sugar beet isolates and 15 isolates from the CBS collection. The three sugar beet isolates from Germany 
Multi-gene phylogeny
From the ITS phylogeny 149 isolates were selected to represent the genus Stemphylium and the partial gapdh and cmdA gene sequences were added to the existing ITS sequence data ( Table 1) . The selection included all ex-type isolates, all isolates from potential new species, and at least one representative per clade of the ITS phylogeny. The aligned sequences of the ITS (545 characters), gapdh (595 characters) and cmdA (860 characters) gene regions of the 150 isolates (including the outgroup isolate) had a total length of 2 000 characters, with respectively 95, 199, and 317 unique site patterns. The HKY model with a gamma-distributed rate variation was suggested as model for the ITS and gapdh alignments and the GTR model with a gammadistributed rate variation for the cmdA alignment. After discarding the burn-in phase trees, the multi-gene Bayesian analysis resulted in 6 978 trees from which the majority rule consensus tree and posterior probabilities were calculated. The multi-gene phylogeny divided the isolates in 28 species clades (Fig. 2) . New species descriptions are provided in the taxonomy section below.
Taxonomy
As a result of the multi-gene phylogenetic analysis, 22 species names are synonymised, and two new combinations and five new species proposed. Synonyms and descriptions of the new species and new combinations are provided below. Notes: The species S. amaranthi and S. microsporum were described based on morphological data only (Pei et al. 2009 , and no sequence data were available on GenBank. Their morphological descriptions differ, especially their spore sizes (22-35 × 10-19 for S. amaranthi versus 15-24 × 9-15 for S. microsporum). However, our measurements of the ex-type isolate of S. microsporum (CBS 124753) resulted in a spore size of (24.5-)27-35 (−42) × (12-)13.5-16(-18), which would fit the description of S. amaranthi. Both S. luffae and S. phaseolina are described based on morphological and molecular data, although in the later description of S. luffae, the sequences of S. phaseolina are not incorporated in the phylogenetic tree. The published ITS sequences of the ex-type isolate of S. luffae and S. phaseolina (GU182943 and GQ395369 respectively) are 100 % identical, but their gapdh sequences (GU182938 and GQ395374 respectively) are only 98 % identical. However, the gapdh sequence we obtained from the ex-type strain of S. luffae (KU850656) is only 99 % identical to the originally published sequence (GU182938), and also the gapdh sequence we obtained from the ex-type strain of S. phaseolina (KU850650) is only 99 % identical to the originally published sequence (GQ395374). This led to a 100 % identity of the gapdh sequences of the ex-type isolates of S. luffae and S. phaseolina. When looking at the described morphological characters, S. luffae and S. phaseolina also fit in the morphological species description of S. amaranthi. The only remark is that S. luffae and S. phaseolina are described with a conspicuously punctate conidial wall, although S. amaranthi was originally described with an inconspicuously micromaculate conidial wall.
Stemphylium armeriae (Corda) Woudenb. & Crous, comb. nov. MycoBank MB820657. Table 2 . Gene test on selected isolates from clade 10 (see Fig. 1 ). The numbers in the body of the table represent the number of the sequence allele for the given locus. Notes: Sphaeria armeriae was described from flower stalks of Armeria vulgaris (= A. maritima) in Germany (Corda 1840) . Later it was transferred to the genus Pleospora (Cesati & De Notaris 1863). Saccardo (1883) treated it as a form of P. herbarum, while others treated it as synonym of P. herbarum (Winter 1887; Müller 1951) . Wehmeyer (1952) and Webster & Lucas (1961) both studied the holotype specimen (Herb A.C.I. Corda no. 155637), and concluded that it was immature; no fully mature ascospores could be found. A study comparing P. herbarum var. armeriae isolates from Armeria with cultures of P. herbarum from other hosts in culture, showed conidia similar to the Stemphylium type (Webster & Lucas 1961 ET when respectively neo-or epi-typified in this study). Species names in bold face represent unconfirmed species names. The tree was rooted to A. alternata GV14-634a1. difference in the ascus width between the two species, with var. armeriae having wider asci. Isolate CBS 338.73 was deposited in the CBS collection as S. herbarum var. armeriae by J. Webster, the author of this variety. We therefore propose the new combination for Sphaeria armeriae as Stemphylium armeriae. 
) 22-26(-30) × (13-)14-16(-18) μm, L/W = 1.6, with 2-4 transverse septa and 1-3 longitudinal and 0-2 oblique septa per transverse sector. Constricted at 1-2 darkened transverse septa. Occasionally with an apical secondary conidiophore. Immature ascomata of sexual morph observed on agar, pseudothecia globose, ellipsoid or irregular, single or aggregated, ranging from 100 to 300 μm tall (from Crous et al. 2016) .
Culture characteristics: After 7 d cultures on SNA flat, fimbriate, colourless with abundant black ascomatal initials in the agar, aerial mycelium is sparse, white, colonies reaching 45-55 mm diam; cultures on PCA flat, entire to undulate, colourless with abundant black ascomata in the agar, aerial mycelium is sparse floccose, (greenish) olivaceous; colonies reaching 50-60 mm diam. Notes: Stemphylium beticola causes a leaf spot disease on sugar beet (Beta vulgaris) (Hanse et al. 2015) , which has been detected in multiple European countries (Crous et al. 2016) . Host range tests demonstrated that the species was not restricted to Beta vulgaris (Hanse et al. 2015) , which is confirmed in this study by the clustering of multiple isolates from different hosts in the S. beticola clade. This study further shows that S. beticola also occurs in the USA, Canada and New Zealand. Molecularly it is closely related to S. simmonsii, another species with a broad host range, but which does not include isolates from Europe. They can be separated morphologically by their ascomata, which have dark hyphal outgrows in S. simmonsii. Notes: Stemphylium canadense includes two cultures (CBS 116602 and CBS 118081) isolated from Salicornia spp. in Canada. In fig. 2 of Inderbitzin et al. (2009) these two isolates were already mentioned as an unnamed species in Clade E1. A Pleospora sp. has already been described from Salicornia sp. in France, namely Pleospora salicorniae (Dangeard 1888). However no sexual morph was observed in our isolates of Stemphylium canadense, and therefore we could not confirm conspecificity. Etymology: Named after the host genus from which it was collected, Chrysanthemum.
Stemphylium canadense
Stemphylium chrysanthemicola
Conidiophores solitary, straight to curved, occasionally branched, septate, smooth, sub-hyaline, (71-)106-186(-282) × (3-) 4-5 μm, bearing multiple darkened percurrent rejuvenation sites. Conidiogenous cells swollen at the apex, sub-hyaline, (5-) 5.5-7(-7.5) μm wide. Conidia solitary, conidium body brown, verrucose, ellipsoid to cylindrical, (24.5-)26-29(-30.5) × (11-) 13.5-15.5(-16.5) μm, L/W = 1.9, with 2-3 transverse septa and 1(-2) longitudinal or oblique septa per transverse sector. Constricted at 1-2 darkened transverse septa. Forms hyphal plaques at the bottom of PCA plates. Sexual morph not observed. 
Stemphylium loti Stemphylium sarciniforme
Stemphylium simmonsii sp. nov.
Stemphylium beticola
Stemphylium drummondii
S. novae-zelandiae sp. nov. Notes: Characteristic for the new species S. chrysanthemicola are the hyphal plaques which are formed at the bottom of the agar plates. These hyphal plaques are also observed in S. novae-zelandiae but after 14 d on PCA only. 
Notes:
Comparison of the ITS (HQ622100) and gapdh (JF489118) sequence of the type of S. spinaciae (Zhou et al. 2011) with the type of S. drummondii showed identical ITS sequences and nearly identical gapdh sequences (1 nt difference in 374 nt). Together with the matching spore size (S. spinaciae 20-40 × 17.5-25 μm, S. drummondii 33.8 × 22.6 μm), we propose to synonymise these species. The description of a smooth conidial wall in S. spinaciae, which is incongruent with the verrucose conidia in S. drummondii, is questioned, since in Notes: Morphological examination supports the synonymy of S. capsici and S. variabilis under S. eturmiunum (Fig. 6 ). Stemphylium capsici was described based on morphology only (Wang & Zhang 2006) . Although the description of S. capsici describes smooth-walled conidia, our morphological examination of the ex-type isolate (CBS 138495) clearly shows densely verrucose conidia (Fig. 6B ). Stemphylium variabilis was described based on morphological characters and molecular phylogenetic analyses . However, some sequence differences between the published sequences of S. variabilis (ITS GQ395366, gapdh GQ395373) and our sequences (ITS KU850543, gapdh KU850691, 3 and 4 nt difference respectively) placed S. variabilis in synonymy with S. eturmiunum instead of the close phylogenetic relationship published originally. Morphologically the variable shape of conidia and abundant secondary conidiophores were mentioned as being unique for S. variabilis, and different from the broadly ovoid or ellipsoid conidia of S. eturmiunum . However, our morphological examination did not show extensive secondary conidiophore formation or highly variable shaped conidia in the type isolate of S. variabilis (CBS 122641, Fig. 6C ). Notes: In this study CBS 273.55 is recognised as ex-type culture of Pleospora herbarum f. lactucum based on the study of the original data deposited in the CBS culture collection archive. This correspondence showed that the isolate was deposited in the collection by the original author of the species (W.C. Snyder), after a request from the curator of the CBS collection to deposit the new species. Therefore P. herbarum f. lactucum will be synonymised with S. gracilariae instead of P. herbarum under which name it is currently synonymised. The description of S. cucumis was based on morphology and molecular phylogenetic analyses (Pei et al. 2011) . Although their phylogenetic tree places S. cucumis distant from S. gracilariae, their sequences published for S. gracilariae and S. cucumis are identical (S. cucumis GU182942, GU182939, S. gracilariae AF442784, AF443883, for ITS and gapdh respectively). In the tree, S. cucumis was probably exchanged with S. luffae which is placed in close phylogenetic relation with S. gracilariae in the tree. However, sequence comparisons between the ex-type isolate of S. luffae and S. gracilariae show multiple nucleotide differences. The morphological description of S. cucumis also fits the description of S. gracilariae and is therefore synonymised here. Culture CBS 308.36, isolated from tomato in California, USA, was stored as Pleospora lycopersici in the CBS collection. STEMPHYLIUM REVISITED www.studiesinmycology.org However, the original description of P. lycopersici was from Solanum lycopersicum in Belgium (Marchal & Marchal 1921) . Therefore, based on this single strain, we choose not to synonymise P. lycopersici with S. gracilariae at this point pending the collection of more isolates. Note: The transfer of P. halophila to the genus Stemphylium is in congruence with an earlier study based on the large subunit 28S nr DNA (Kodsueb et al. 2006 ). Notes: The type material from Alternaria lancipes, basionym of Stemphylium lancipes, was originally described from Argemone sp. collected in Manhattan, Kansas, USA (Ellis & Everhart 1888) . The holotype material, stored at the NY herbarium (ID 00830044), was studied by Emory G. Simmons, who subsequently transferred the species to the genus Stemphylium (Simmons 1969) . However, two other collections from the same locality are on Aquilegia sp., which yielded the isolate Emory G. Simmons studied (Simmons 1969 ). Here we propose this isolate (CBS 133314), isolated from Aquilegia canadensis in Kansas, USA, as epitype of A. lancipes. Etymology: Named after the place of isolation, Lucomagno, the Lukmanier Pass in Switzerland.
On PCA after 14 d: Conidiophores solitary, straight to flexuous, occasionally branched, septate, smooth, sub-hyaline, (34-) 46-95(-119) × (2.5-)3-4(-4.5) μm, bearing multiple darkened percurrent rejuvenation sites. Conidiogenous cells swollen at the apex, darkened, (4-)5-6.5(-7.5) μm wide. Conidia solitary or in short chains of 2 conidia, conidium body is dark brown, inconspicuously verrucose, ellipsoid to broad ovoid, (18.5-) 20-27(-31) × (9.5-)11-16(-18) μm, L/W = 1.8, with (2-)3 transverse septa and 1-2 longitudinal or oblique septa per transverse sector. Constricted at 1-3 darkened transverse septa. Immature ascomata of sexual morph observed in agar, pseudothecia globose or broad ovoid, single, covered with dark hyphal outgrows, ranging in size to 485 μm tall.
Culture characteristics: After 7 d cultures on SNA flat, rhizoid, aerial mycelium is scarce, colonies colourless, no sporulation, colonies 5 mm diam; cultures after 7 d on PCA flat, entire, aerial mycelium woolly, pale olivaceous grey, colonies greenish olivaceous with two olivaceous rings, young colourless ascomata in agar which become black after 14 d, colonies reaching 28-30 mm diam.
Specimen examined: Switzerland, Ticino, Lucomagno, from Minuartia hybrida, 19 Jun. 1981, P.G. Crivelli (holotype CBS H-23046, culture ex-type CBS 116601 = E.G.S. 37.017).
Notes: Culture CBS 116601 was deposited as Pleospora gigaspora in the CBS collection, as diagnosed by Crivelli (Inderbitzin et al. 2009 ). Pleospora gigaspora was originally described from dead shoots of "herbarum majorum" from the inlands of "Maris glacialis, Kildin", Russia (Karsten 1884) , with smooth ascomata of 300-400 μm and no description of the asexual morph. Since our species has dark hyphal outgrows on its ascomata and is obviously different, we provided this species with a new name. Pleospora minuartiae is described from dry leaves of Minuartia taurica from Mt. Babugan-Yayla, Tauria, Crimea, Ukraine (Gucevicz 1972 ). This species is described with small ascomata measuring 140-180 μm, which significantly differs from our species for which ascomata of up to 485 μm tall are observed. Since there is also a morphologically different Pleospora species named after the country of isolation, P. helvetica with small ascomata measuring 180-200 μm (Niessl 1867), we named our isolate after the place of isolation, Lucomagno, the Lukmanier Pass.
Notes: Stemphylium lycopersici, with Thyrospora lycopersici as basionym, was originally described from Solanum lycopersicum in Japan, but lacks a holotype specimen (Enjoji 1931) . The culture CBS 116587, isolated from Solanum lycopersicum in the Dominican Republic, was considered by Emory G. Simmons to fit the concept of this species (Inderbitzin et al. 2009 ). Here we propose CBS 122639, isolated from Solanum lycopersicum in STEMPHYLIUM REVISITED www.studiesinmycology.org China, as ex-neotype of T. lycopersici, since this isolate is from a geographically closer location, and also clusters in the same phylogenetic species clade. The type-isolate of S. platycodontis (CNU 111092) is not included in this study, but another one is included, namely CBS 333.73, also isolated from Platycodon sp. and regarded as S. platycodontis (Deng et al. 2014) . Stemphylium platycodontis was described based on phylogenetic study of the ITS, gapdh and tef1 partial gene sequences in combination with morphology studies. When comparing the ITS, gapdh and cmdA sequence of isolate CBS 333.73, only the gapdh sequence is unique for the two isolates from Platycodon, with only 1 nt difference. Together with the minor morphological differences described, slightly larger spore size (S. platycodontis 33-80 × 12-22, S. lycopersici 21-60 × 12-24 μm) and no production of brown pigment in PDA of S. platycodontis, we propose to synonymise S. platycodontis under S. lycopersici. Five synonymised species under S. lycopersici were described based on morphology alone. Stemphylium oblongum, S. plantaginis, S. pruni, S. pyrina and S. sophorae were described as new species from China (Wang & Zhang 2006; Wang & Zhang 2009) , with some even appearing in the same manuscript. However, the broad conidial size range (21-60 × 12-24 μm) and described shape of conidia (ellipsoidal, ovoid, short cylindrical or shortly obclavate) of S. lycopersici by Yamamoto (1960) , results in the fact that all described species fit the concept of S. lycopersici. The only difference in the descriptions is the structure of the conidial wall. This ranges from smooth (S. plantaginis and S. pruni) to densely tuberculate (S. pyrina) including descriptions with both smooth and finely postulate/micromaculate conidia (S. oblongum and S. sophorae).
The description of Stemphylium lycopersici mentions echinulate (with sharply pointed spines) conidia. Morphological examination showed that all studied isolates have roughened conidia (Fig. 8) , including the ex-type isolates of S. plantaginis (CBS 124981, Fig. 8E-F) and S. pruni (CBS 124980, Fig. 8G ).
Stemphylium subglobuliferum was described based on a phylogenetic study of the ITS and gapdh partial gene sequences in combination with morphological studies (Xue et al. 2005) . The ITS sequence of S. subglobuliferum (AY751454) is 100 % identical with S. lycopersici, and the gapdh sequence (AY751459) only has 1 unique nt compared to our S. lycopersici gapdh sequences. However, S. subglobuliferum was described as a new species based on the smaller spore size (9-20 × 5-13) and smooth conidial wall. A re-examination of the type-isolate is needed to clarify if this is indeed another synonym of S. lycopersici.
Based on our specimens examined, Stemphylium lycopersici has a broad host range infecting plant leaves from at least six different families (Araceae, Fabaceae, Malvaceae, Plantaginaceae, Rosaceae and Solanaceae). Etymology: Named after the country where it was isolated, New Zealand.
Conidiophores solitary, straight to flexuous, unbranched, septate, smooth, sub-hyaline, (46.5-)64.5-111(-144.5) × (2.5-) 3-4.5(-5.5) μm, bearing 1-2 thickened percurrent rejuvenation sites. Conidiogenous cells swollen at the apex, darkened, (5-) 6-7.5(-8.5) μm wide. Conidia solitary, conidium body is light olive brown, verrucose, cylindrical, (31-)34-40.5(-45.5) × (9-) 11-13(-14.5) μm, L/W = 3.1, with 3-5(-7) transverse septa and 1-2 longitudinal or oblique septa per transverse sector. Constricted at 2-3 darkened transverse septa. Forms hyphal plaques at the bottom of PCA plates after 14 d. Sexual morph not observed.
Culture characteristics: After 7 d cultures on SNA flat, entire, aerial mycelium is scarce, wooly, white, colonies colourless, with three pale olivaceous grey rings and centre, colonies 20-24 mm diam; cultures after 7 d on PCA flat, entire, aerial mycelium fine felty, pale olivaceous grey, colonies white to olivaceous buff with two grey olivaceous rings and a greenish olivaceous outer ring, colonies reaching 35 mm diam. Notes: To avoid confusion with the species Pleospora avicenniae (Borse 1987), we named the species after the country where it was isolated, New Zealand, instead of the host of isolation. Recently Pleospora avicenniae was placed in the new genus Halojulella based on a morphological and molecular examination (Ariyawansa et al. 2013) . As in S. chrysanthemicola, S. novaezelandiae forms hyphal plaques at the bottom of the PCA plate but these are only observed after 14 d. Etymology: Named after Emory G. Simmons, who extensively studied Pleospora and Stemphylium species.
Conidiophores solitary, straight to flexuous, occasionally branched, septate, smooth, sub-hyaline, (18-) 30-93(-159) × (2-)3-4(-5) μm, bearing multiple darkened percurrent rejuvenation sites. Conidiogenous cells swollen at the apex, darkened, (4.5-)5-6.5(-7.5) μm wide. Conidia solitary, conidium body is pale olive brown, verrucose, ellipsoid to broad ovoid, (18-)20.5-24.5(-28) × (11-)13-16(-18.5) μm, L/ W = 1.6, with (2-)3 transverse septa and (1-)2(-3) longitudinal or oblique septa per transverse sector. Often constricted at the middle, darkened transverse septum. Immature ascomata of sexual morph observed in and on agar, pseudothecia subglobose or broad ovoid, single, covered with dark hyphal outgrows, ranging from 175 to 365 μm tall.
Culture characteristics: After 7 d cultures on SNA flat, rhizoid, aerial mycelium is fine felty, pale olivaceous grey, colonies colourless, pale olivaceous grey coloured by aerial conidia in rhizoid shape, colonies 45-55 mm diam; cultures on PCA flat, entire, aerial mycelium scarce, woolly, pale olivaceous grey, colonies colourless with three grey olivaceous rings, and centre olivaceous to iron-grey with ascomata in and on agar, colonies reaching 60 mm diam. STEMPHYLIUM REVISITED www.studiesinmycology.org Notes: Stemphylium solani was originally described from diseased tomato plants collected in Florida, USA (Weber 1930) . The holotype material is stored in the Florida Agricultural Experiment Station Herbarium, now named University of Florida Herbarium, under the specimen number FLAS-F-13571. According to Emory G. Simmons, CBS 116586, isolated from Solanum lycopersicum from Indiana, USA, was a good representative of the species after examination of the type material (Inderbitzin et al. 2009 Notes: Pleospora pomorum was originally described from spotted apples in Britain, without the designation of a holotype specimen (Horne 1920) . A second publication on the species was done by Kidd & Beaumont (1924) , who deposited isolate CBS 184.25, from apple fruit in England in the CBS collection. Since no holotype specimen is known, we propose CBS 184.25 as exneotype culture of Pleospora pomorum. Therefore, P. pomorum will be synonymised with S. vesicarium. The first molecular study of Stemphylium species showed that S. alfalfae, S. herbarum, and S. vesicarium were identical based on their ITS and gapdh sequences (Câmara et al. 2002) . A more extensive phylogenetic analysis on DNA sequences from four loci ITS, gapdh, tef1 and the intergenic spacer between vmaA and vpsA (Inderbitzin et al. 2009 ) showed the same clustering, and added the species STEMPHYLIUM REVISITED www.studiesinmycology.org P. sedicola and P. tomatonis to the species clade. However, small morphological differences have been used to distinguish among the species now synonymised under S. vesicarium (summarised in Table 3 ). Although the described differences seem sometimes considerable, they are not always obvious when performing morphological studies (illustrated by pictures 1-5 in fig. 4 of Inderbitzin et al. 2009 ). See the general discussion below for additional information on the synonymies proposed here for S. vesicarium. Only the synonyms of S. vesicarium proposed in this research are listed, for the full list of synonyms see Index Fungorum (http://www.indexfungorum.org).
DISCUSSION
This manuscript presents a molecular phylogenetic overview of species in the genus Stemphylium known from culture, initiated due to our inability to unequivocally identify a Stemphylium sp. causing yellow leaf spot in sugar beet. To be able to characterise the species, all currently known (and available) species of the genus had to be considered. However, the lack of (ex-)type material often makes it difficult to determine species names of fungi, described on morphology only, onto the modern DNAbased phylogenetic trees. To strengthen and stabilise the taxonomy of Stemphylium, three epitypes, one lectotype and two neotypes are proposed in the present study. However, some isolates represent names for which no ex-type isolate is present or for which it was difficult to designate an appropriate ex-epitype culture (highlighted with bold species names in Fig. 1) .
Seven isolates were named Stemphylium globuliferum by Emory G. Simmons based on morphology. Stemphylium globuliferum was originally described as Macrosporium globuliferum from Lotus corniculatus (Fabaceae) from Gotland, Sweden (Vestergren 1896) . Emory G. Simmons studied the holotype material (in UPS) and placed this species in Stemphylium (Simmons 1969) . He described it as a common species, and isolated it from Trifolium pratense (Fabaceae). Four of the included isolates fall within the S. botryosum clade, and three within Stemphylium simmonsii sp. nov. Since none of these isolates originate from Lotus corniculatus, or are from Sweden (or even Europe), we choose not to use the name Stemphylium globuliferum for the new species, but rather provide it with a new name (S. simmonsii sp. nov.).
Stemphylium vesicarium, with Helminthosporium vesicarium as basionym, was originally described from Allium sativum in Germany (Wallroth 1833) . Our dataset includes 25 isolates named S. vesicarium of which 20 were named, based on morphology, by Emory G. Simmons, who also studied the holotype specimen at STR. One isolate, not studied by him, clusters with S. lycopersici (CBS 436.76), two isolates (one identified by him) cluster with S. eturmiunum, and the other 22 all cluster within the Stemphylium vesicarium clade (based on ITS, Fig. 1 ). Since none of the isolates originate from Allium sativum in Germany (or from a geographically close location), no ex-epitype culture is proposed for the species.
As already mentioned in the introduction, the Pleospora herbarum clade sensu Inderbitzin et al. (2009) illustrated the problems with identification in the genus Stemphylium. Molecular studies demonstrated the phylogenetic identity of the species S. alfalfae, S. herbarum, S. sedicola, S. tomatonis, and S. vesicarium (e.g. Câmara et al. 2002; Inderbitzin et al. 2009 ). However, differences in RAPD fingerprints (Chaisrisook et al. 1995) and morphology (Simmons 1969 (Simmons , 1985 (Simmons , 1989 (Simmons , 2001 , seemed to support them to be separate species. It should be noted that the RAPD studies were only based on a small number of isolates, (including only two S. herbarum isolates and one S. vesicarium isolate) and morphologically only small differences have been used to make a distinction among these species although they also share many characters (Câmara et al. 2002, Kurose et al. 2015) . As a result, some researchers chose to retain all the species names (e.g. Inderbitzin et al. 2009 ), while others chose to synonymise them (e.g. Köhl et al. 2009, as S. vesicarium) . To be able to construct a stable phylogenetic species concept in Stemphylium we proposed to synonymise these phylogenetically identical species under S. vesicarium. The conidial descriptions of the species now synonymised under S. vesicarium are summarised in Table 3 .
The species S. sarciniforme (Fig. 2, clade 19 ) is divided in two well-supported subclades. Five isolates from Trifolium pratense form one branch, and three isolates from Cicer arietinum, Iran, all isolated by W. J. Kaiser, form a separate branch. Isolate CBS 110049, from the Cicer arietinum clade, was submitted to the CBS collection in 2002 as ex-holotype of "S. kaiseri", but this name was never published. Emory Simmons morphologically identified all isolates from this clade as S. sarciniforme, and also chemically the isolates from both clades are similar (B. Andersen, pers. comm.). Until more isolates become available, we choose to treat them here as S. sarciniforme.
After revision of the species identity and names, 28 species can be distinguished in the genus Stemphylium based on (parts) of the ITS, gapdh and cmdA gene regions (Fig. 2) . From these 28 species, five new species are described, two new name combinations are introduced and 22 names are synonymised. Of the 22 synonymised names, seven are placed in synonymy with S. lycopersici, seven with S. vesicarium, three with S. amaranthi, two with S. gracilariae and S. eturmiunum, and one with S. drummondii. Stemphylium subglobuliferum might also be a synonym of S. lycopersici (see notes of S. lycopersici). The majority of the synonymised species (16 out of 22) were described from China based mostly on morphology and host-specificity. Clearly in the genus Stemphylium, identification on morphology and host-specificity alone is insufficient for correct species identification. Several other "new" species are described from China based solely on morphology, e.g S. allii-cepae, S. basellae, S. descurainiae, S. gossypii, S. hydrangeae, S. lactucae, S. momordicae, S. pisi and S. turriforme (Zhang & Zhang 2002; Zhang et al. 2003; Zhang & Zhang 2007; Zhou et al. 2012) . Until molecular data of the ex-type isolates become available, the status of these species names remains unclear.
Based only on ITS sequences, 22 species can be identified to species level (Fig. 1) . Only four clades (clade 1, 7, 10, and 22), containing in total 10 species names, have multiple species names associated with them. This means that for accurate species identification, an additional gene to the standard ITS barcode sequence is required in the case of these 10 species. This study will therefore be useful to other plant pathologists in the field trying to identify their Stemphylium species, not only by providing them with the correct name(s), but also in helping them choose appropriate loci that will ensure correct identification.
CONCLUSIONS
In the genus Stemphylium 28 species can be distinguished based on (parts) of the ITS, gapdh and cmdA gene regions. From these Conspicuously and densely verrucose Simmons (1985) S. mali STEMPHYLIUM REVISITED www.studiesinmycology.org 28 species, five are described as new species and a further two new combinations are proposed. Twenty-two names are reduced to synonymy. To create a stable taxonomy for Stemphylium, three epitypes, one lectotype and two neotypes are designated. Morphological examination alone is not suited for species identification in Stemphylium. For an accurate species identification, morphological studies should be combined with molecular data.
